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Rotor f 't^^ h igh apep ^d permanent magnet: motor. 




The invention relates to a rotor for a high speed permanent 
magnet motor. In particular, the invention concerns a motor 
rotor comprising a plurality of magnetic discs stacked on a 
central spindle, a clamping device provided to exert an 
axial clamping force on said magnetic discs to form an 
axially pre- tensioned disc packet, wherein each of said 
magnetic discs is provided with at least one electrically 
insulating layer for electrical separation relative to 
adjacent discs or to said clamping device. 

It is a fact that permanent magnetic materials used in 
motor rotors are exposed to a high centrifugal stress, and 
that the tension strength limit of such materials is easily 
reached at high speed operation. This means that permanent 
magnetic rotors have to be reinforced to cope with the high 
centrifugal stresses generated at high speed operation. 

Ar-p^ev4.-©iisiyHcnown-"^^ 

rotors is to provide an outer sleeve enclosing--trKe 
permanent magnetic material parts of tii^--ifotor . Such sleeve 
may comprise a high- strength metajU-tube made of on non- 
magnetic material like tit^n-r'cold worked stainless steel 
etc. or may be f ormesi^^-c5f^a high- strength fiber bandage 
wound around th-e-'permanent magnet parts of the rotor. In 
both ca^s'^'the reinforcement is radially pre- tensioned to 
minprTrtxze the tension stress on the magnetic material caused 
.^.^iSy-trrenrtiei^ug^l-^XQ^ 

In small diameter rotor applications, an outer 
reinforcement sleeve is undesirable since it adds to the 
diameter of the rotor. It is undesirable also from the 
manufacturing cost point of view, because the sleeve not 
only adds one or more details to the rotor, it also adds a 
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number of extra working operations when assembling the 
rotor, 

since a permanent magnet rotor accordi^ng^Jt^ 
does not involve any outer sle^everT^but comprises a 
reinforcement means^^-hi'dtT^does not influence on the 
diameter of^th^'^rotor and does not complicate the 




iV---p^*Hxr^d:™em^^ 

±Tr^dTet:H±l"--"w^ . 

Fig. 2 shows a longitudinal section through a rotor 
according to the invention. 

Fig. 3 shows, on a larger scale, a fractional view of the 
rotor in Fig. 2 illustrating schematically the magnet disc 
arrangement according to the invention. 

stator 10 including a cylindrical casing ll,^>?o end walls 
12,13, electrical windings 14 and a txibiJiiar^ core 15 
surrounding the windings 14, and ^^.-^iPotor 16, The rotor 16 
is journalled in two bearing^'-<C8 , 19 supported in the stator 
end walls 12,13 and cotrp-T'ises a central spindle 20, a 
plurality of permapetit magnet discs 21 provided on each 
side with a lay^r 22 of electrically insulating material, 
and a num^^^ of reinforcement discs 23 located between the 
magnet/6.isGs 21. The purpose and functional features of the 
re^iif or cement discs 23 will be described in further detail 



wo 00/59097 



PCT/SE00/OOS91 



3 



The insulating layers 22 provided on the magnet discs 21 
consists suitably of an inorganic material, for instance an 
oxidized aluminium foil. This type of material has a very 
high coefficient of elasticity, which means that it has 
practically no tendency to creep under heavy centrifugal 
loads. Neither have these materials any tendencies to adopt 
different coefficients of elasticity at different 
temperatures. This is advantageous when operating a motor 
at a very high speed under shifting load conditions. 

Since the magnet material used for this purpose is quite 
brittle and, accordingly, has a low tensile strength, the 
packet of discs 21 is axially pre- tensioned to assure that 
no tensile stress in the magnet discs 21 in the axial 
direction will occur during operation of the motor. Th.is is 
accomplished by a clamping device comprising two sleeve 
elements 24,25 mounted on the spindle 20. One of these 
sleeve elements 24 is axially supported against a shoulder 
26 on the spindle 20 , whereas the other sleeve element 25 
is backed by a nut 2 8 engaging a thread 2 9 on the spindle 
20. At the assembly of the rotor 16, the nut 28 is 
tightened up to the yield stress level of the spindle 
material in order to obtain the highest possible pre- 
tension of the magnet disc packet and to assure that no 
local tension stresses due to bending loads on the rotor 16 
will occur in the magnet disc packet. 

A permanent magnet motor of the above type is previously 
described in US Patent No. 5,44 8,12 3. 

In this type of motor, the magnet discs 21 are also exposed 
to heavy centrifugal forces during high speed operation, 
which means that the magnet material may be exposed to a 
detrimental tensile stress. This, however, is avoided by 
inserting on both side of each magnet disc 21 a 
reinforcement disc 23 which due to the axial clamping 
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action accomplished by the clamping device 24-26,28 
frictionally engages each side of the magnet discs 21. This 
frictional engagement results in a transfer of centrifugal 
forces from the magnet discs 21 to the reinforcement discs 
23 resulting in a tensile stress relief in the magnet discs 
21 . 



In order to fulfil this task, the reinforcement discs 23 
are made of a high- strength material such as high- strength 
metal, ceramic, composite etc, which is very stiff to 
tensile forces . Accordingly, the coefficient of elasticity 
of these materials is very high. 

f^»^Q^i^e-'-t:rars^e^7^w"hjei^^ 

high and/or the magnet discs ar^"^hin, it might be 
enough to jise^re±n^of"5i^^^ 23 between every second 

If the magnet discs 21 are thin, it may also be enough to 
use an electrically insulating layer 22 between every 
second magnet disc 21 only. 

As appears from the drawing figures, the magnetic discs 21 
as well as . the reinforcement discs 23 are of a flat shape 
and the centrifugal forces appearing in the magnetic discs 
21 are transferred by pure friction to the reinforcement. 
Using pure flat discs is advantageous in that the discs are 
easily manufactured from sheet material. Machining the 
discs into other shapes would be very difficult since the 
high- strength material in the reinforcement discs 2 3 is 
very hard to work. It is conceivable, though, to use 
conical discs such that the frictional engagement between 
the magnetic discs 21 and the reinforcement discs 2 3 is 
amplified by a radial wedge action between the discs. 
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In order to accomplish a radial pre-tensioning of the 
magnetic discs 21 and ensure that absolutely no tensile 
forces would occur in the magnetic material, the 
reinforcement discs 23 are heated up before assembling and 
axially clamping the rotor disc packet. If, however, the 
thermal coefficient of expansion for the reinforcement 
discs is sufficiently higher than that of the magnetic 
discs, it is sufficient to heat the complete rotor assembly 
before axially clamping the disc packet. Heating of the 
complete rotor assembly would of course simplify the 
assembly process. When cooling off, the shrinkage of the 
reinforcement discs 23 accomplishes, via the frictional 
i,|3 engagement, a radially inwardly directed pre-tension of the 

magnet discs 21. 
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